Insights into the reaction mechanism of soluble epoxide hydrolase from theoretical active site mutants.
Density functional theory calculations of active site mutants are used to gain insights into the reaction mechanism of the soluble epoxide hydrolases (sEHs). The quantum chemical model is based on the X-ray crystal structure of the human soluble epoxide hydrolase. The role of two conserved active site tyrosines is explored through in silico single and double mutations to phenylalanine. Full potential energy curves for hydrolysis of (1S,2S)-beta-methylstyrene oxide are presented. The results indicate that the two active site tyrosines act in concert to lower the activation barrier for the alkylation step. For the wild-type and three different tyrosine mutant models, the regioselectivity of epoxide opening is compared for the substrates (1S,2S)-beta-methylstyrene oxide and (S)-styrene oxide. An additional part of our study focuses on the importance of the catalytic histidine for the alkylation half-reaction. Different models are presented to explore the protonation state of the catalytic histidine in the alkylation step and to evaluate the possibility of an interaction between the nucleophilic aspartate and the catalytic histidine.